where x denotes the nuclear coordinate and x c is the crossing point. V 1 and V 2 are determined by the shape of the diabatic curves and V 12 represents the coupling between them. Therefore it is interesting to analyse a model where coupling is localized in space near x c . Thus we put
where K 0 is a constant.
Three simple examples
We start with a particle moving on any of the two diabatic curves and the problem is to calculate the probability that the particle will still be on that diabatic curve after a time t. We write the probability amplitude for the particle as
where ψ 1 (x, t) and ψ 2 (x, t) are the probability amplitude for the two states. The Hamiltonian is given by
where H 1 (x), H 2 (x) and V 12 (x) are defined by
H 22 (x) = − 1 2m ∂ 2 ∂x 2 + V 2 (x) and V 12 (x) = V 21 (x) = K 0 δ(x − x c ).
The above V 1 (x) and V 2 (x) are determined by the shape of that diabatic curve. V (x) is a coupling function which we assume to be a Dirac delta function. The time-independent Schr ..
odinger equation is writen in the matrix form
This is equivalent to H 11 (x)ψ 1 (x) + K 0 δ(x − x c )ψ 2 (x) = Eψ 1 (x) and (7) K 0 δ(x − x c )ψ 1 (x) + H 22 (x)ψ 2 (x) = Eψ 2 (x).
Integrating the above two equations from x c − η to x c + η (where η → 0) we get we get the following two boundary conditions
Also we have two more boundary condition
Using the above four boundary conditions we derive the transition probability from one diabatic potential to the other, in the case of coupling between (a) two constant potentials, (b) two linear potentials and (c) two exponential potential.
Exact analytical solution for constant potential case:
In region 1 (x < x c ), the time-independent Schr ..
odinger equation for the first potential is given by
The above equation has the following solution
where
In region 2 (x > x c ), the time-independent Schr ..
Physically acceptable solution of the above equation is given by
In region 1 (x < x c ), the time independent Schr ..
odinger equation for the second potential is given by
Physically acceptable solution is given by
The plot of transition probability from one constant potential to another constant potential as a function of energy of incident particle (K0=1.0).
Here we put x c = 0. Now using four boundary conditions we calculate
and
So, the transition probability is given by
In our numerical calculation we use atomic units so thath = 1. In the atomic units, we set V 1 (x) = 0, V 2 (x) = 5, K 0 = 1.0 and m = 1.0. The result of our calculation is shown in Fig. 1 . 
Exact analytical solution for Linear potential case:
The time-independent Schr ..
odinger equation for the case where a linear potential coupled to another linear potential through a Dirac delta interaction is given below (see Fig. 2 ).
The Eq. (21) can be split into two equations
In our calculation, we use p 1 = p 2 = 1. The Time-independent Schr ..
odinger equation for the first diabatic potential is given below,
In region 1 ( x < x c ) the physically acceptable solution is given below
Here A i [z] and B i [z] represent the Airy functions. In the above expression A denotes the probability amplitude for motion along the positive direction and B denotes the probability amplitude for motion along the negative direction [20] . The physically acceptable solution in region 2 ( x > x c ), is given by
In this region the net flux is zero [20] . The time-independent Schr ..
o dinger equation for the second diabatic potential is given below
In region1 ( x < x c ) the physically acceptable solution is
In this region the net flux is zero [20] . In region 2 ( x > x c ) the physically acceptable solution is
Using the four boundary conditions mentioned above (here we put x c = 0), we have derived an analytical expression for the transition probability from one diabatic potential to the other diabatic potential and the final expression is given below
In our numerical calculation we set p 1 = 1, p 2 = 1, K 0 = 1 and m = 1 in atomic units. The result of our calculation is shown in Fig. 3 .
Exact analytical solution for exponential potential case:
We start with the time-independent Schr ..
odinger equation for a two state system
Eq. (32) can be split into the following two equations
The plot of transition probability from one linear potential to another linear potential, as a function of energy of incident particle (K0=1.0). In
In the region x < x c , the solution of the above equation is given below
Here I n (z) represent the modified Bessel function of the first kind. In the above expression A denotes the probability amplitude for motion along the positive direction and B denotes the probability amplitude for motion along the negative direction [20] . In the region, where x > x c , the physically acceptable solution is
Here K n (z) represent the modified Bessel function of the second kind. In this region the net flux is zero [18] . For the second diabatic potential, the time-independent Schr ..
odinger equation is given below
In the region, where x > x c , the physically acceptable solution is
In the region, where x < x c , the physically acceptable solution is
In this region the net flux is zero [18] . Using four boundary conditions and putting x c = 0, as mentioned before, we derive an expression for transition probability from one exponential potential to the other exponential potential. In our numerical calculation we use atomic unit. The value of K 0 = 0.1 and m = 1. The result of our calculation is shown in Fig. 5 .
FORMULATION OF GENERAL SOLUTION FOR TWO STATE SCATTERING PROBLEM USING OUR MODEL
This equation can be written in the following form
Eliminating ψ 2 (x) from the above two equations we get
The above equations simplify considerably if V 12 (x) and V 21 (x) are Dirac Delta function at x c , which in operator notation may be written as V = K 0 S = K 0 |x c x c |. The above equation now become
This may be written as
FIG. 5:
The plot of transition probability from one exponential potential to the other as a function of energy of incident particle (K0=0.1).
The above equation can be written in the following form
where the right hand side is considered as an inhomogeneous term. The general solution of this equation can be written as
where ψ 0 (x) is a solution of the homogeneous equation
In the above equation
So Eq. (46) can be written as
The solution in terms of Green's function is as follows
In the above equation we put
After simplification, we get
so that
In the above expression, we have the Green's function for two state scattering problem using delta function coupling model. Using the expression of G(x, x ′ ; E) one can calculate wave function and from the wave function one can easily calculate the transition probability from one diabatic potential to the other.
Three channel scattering problem using our model We start with a particle moving on any of the three diabatic curves and the problem is to calculate the probability that the particle will still be in that diabatic curve after a time t. We write the probability amplitude for the particle as
Where ψ 1 (x, t), ψ 2 (x, t) and ψ 3 (x) are the probability amplitude for the three states. The Hamiltonian matrix of this system is given by
, V 31 (x) and V 13 (x) are defined by
In the above equation V 1 (x), V 2 (x) and V 3 (x) are determined by the shape of that diabatic curve. The timeindependent Schr ..
odinger equation for this problem is given by
This matrix representation is equivalent to the following three equations
Integrating the above three equations from x c − η to x c + η (where η → 0) we get the following three boundary conditions
Also we have three more boundary conditions
Using the above six boundary conditions we derive analytical expressions for transition probability from one diabatic potential to the other in the case of coupling between (a) three constant potentials, (b) three linear potentials and (c) three exponential potentials.
FORMULATION OF GENERAL SOLUTION FOR MULTI-CHANNEL SCATTERING PROBLEM USING OUR MODEL
odinger equation for a three state system, given by
This above matrix equation can be written in the following form
[
The above equation after rearranging is given below
After eliminating both ψ 2 (x) and ψ 3 (x) from Eq. (97) we get
The above equations are true for any general V 12 , V 21 , V 13 and V 31 . The above equation simplify considerably if V 12 , V 13 , V 31 and V 21 are Dirac Delta functions, which we write in operator notation as
For H 12 (x), one can find the corresponding Green's function G 12 (x, x ′ ; E) using the method as we have used in two state case.
So ψ 1 (x) = ψ 0 (x) + K 
The solution in terms of Green's function, extracted from last equation
